
T
ec

hn
ic

al
 R

ea
lit

ie
s C

on
fr

on
tin

g
Pe

ac
ef

ul
 U

se
s o

f A
to

m
ic

 E
ne

rg
y

T
ho

m
as

 B
. C

oc
hr

an

A
to

m
s f

or
 P

ea
ce

 W
or

ks
ho

p 
II

K
ei

da
nr

en
 C

on
fe

re
nc

e 
C

en
te

r
Sh

iz
uo

ka
-k

en
, J

ap
an

M
ay

 2
6-

29
, 2

00
3



T
he

 a
m

ou
nt

 o
f w

ea
po

n-
gr

ad
e

Pu
re

qu
ir

ed
 to

 
m

ak
e 

a 
pu

re
 fi

ss
io

n 
nu

cl
ea

r 
ex

pl
os

iv
e 

w
ith

 a
 y

ie
ld

 
of

 1
 to

 2
0 

kt
, i

s q
ui

te
 sm

al
l

1 
to

 3
 k

g
w

ith
 th

e 
ex

ac
t a

m
ou

nt
 d

ep
en

di
ng

 o
n 

th
e 

so
ph

is
tic

at
io

n 
of

 
th

e 
de

si
gn

 a
nd

 th
e 

de
si

re
d 

yi
el

d.
 

U
si

ng
 ty

pi
ca

l r
ea

ct
or

-g
ra

de
Pu

w
ou

ld
 in

cr
ea

se
  

th
e 

Pu
ne

ed
ed

 b
y 

a 
sm

al
l f

ac
to

r
on

 th
e 

or
de

r 
of

 
tw

o 
or

 th
re

e.

A
 o

ne
 k

ilo
to

n 
gr

ou
nd

-b
ur

st
 d

ev
ic

e 
de

to
na

te
d 

in
 

N
ew

 Y
or

k 
or

 T
ok

yo
 c

ou
ld

 r
es

ul
t i

n 
ca

su
al

tie
s 

co
m

pa
ra

bl
e 

to
 th

os
e 

at
 H

ir
os

hi
m

a 
or

 N
ak

as
ak

i.



W
hi

le
 r

ea
ct

or
-g

ra
de

 P
u

is
 le

ss
 d

es
ir

ab
le

 th
an

 
w

ea
po

n-
gr

ad
e 

Pu
fo

r 
m

ili
ta

ry
 a

pp
lic

at
io

ns
, t

he
 

is
ot

op
ic

 c
om

po
si

tio
n 

of
 th

e 
pl

ut
on

iu
m

 ty
pi

ca
lly

 
pr

od
uc

ed
 in

 c
iv

il 
po

w
er

 r
ea

ct
or

s d
oe

s n
ot

 
re

pr
es

en
t a

 se
ri

ou
s o

bs
ta

cl
e 

to
 th

e 
fa

br
ic

at
io

n 
of

 
ef

fic
ie

nt
 a

nd
 p

ow
er

fu
l w

ea
po

ns
 a

s w
el

l a
s c

ru
de

 
te

rr
or

is
t d

ev
ic

es
.



T
yp

ic
al

 st
oc

ks
 o

f L
E

U
 fu

el
 fo

r 
po

w
er

 r
ea

ct
or

s 
pr

ov
id

e 
m

or
e 

th
an

 o
ne

-h
al

f o
f t

he
se

pa
ra

tiv
e

w
or

k 
ot

he
rw

is
e 

re
qu

ir
ed

 to
 p

ro
du

ce
 H

E
U

 
su

ita
bl

e 
fo

r 
us

e 
in

 si
m

pl
e 

gu
n-

ty
pe

 u
ra

ni
um

 
w

ea
po

ns
, s

uc
h 

as
 th

e 
w

ea
po

n 
w

hi
ch

 d
es

tr
oy

ed
 

H
ir

os
hi

m
a 

an
d 

th
e 

si
x 

w
ea

po
ns

 th
at

 w
er

e 
st

oc
kp

ile
d 

by
 th

e 
fo

rm
er

 w
hi

te
 m

in
or

ity
 

go
ve

rn
m

en
t o

f s
ou

th
 A

fr
ic

a.



Si
gn

ifi
ca

nt
 Q

ua
nt

ity
 (S

Q
) i

s t
he

 q
ua

nt
ity

 th
e 

IA
E

A
 u

se
s t

o 
re

pr
es

en
t t

he
 m

in
im

um
 a

m
ou

nt
 

of
 m

at
er

ia
l r

eq
ui

re
d 

by
 a

 n
on

-w
ea

po
n 

st
at

e 
to

 
co

ns
tr

uc
t a

 si
ng

le
 n

uc
le

ar
 e

xp
lo

si
ve

 d
ev

ic
e.

C
ur

re
nt

 IA
E

A
 sa

fe
gu

ar
ds

 a
re

 b
as

ed
 o

n 
te

ch
ni

ca
lly

 e
rr

on
eo

us
 S

Q
 v

al
ue

s f
or

 d
ir

ec
t-

us
e

Pu
(8

 k
g)

 a
nd

 H
E

U
 (2

5 
kg

).



T
he

 S
Q

 v
al

ue
s s

ho
ul

d 
be

 r
ed

uc
ed

 r
ou

gh
ly

 
ei

gh
tf

ol
d,

 p
ar

tic
ul

ar
ly

 if
 th

e 
in

te
rn

at
io

na
l 

co
m

m
un

ity
 is

 to
 p

la
ce

 p
ri

m
ar

y 
re

lia
nc

e 
in

 th
e 

fu
tu

re
 o

n 
sa

fe
gu

ar
ds

 r
at

he
r 

th
an

 a
rs

en
al

s t
o 

de
te

r 
th

e 
us

e 
of

 n
uc

le
ar

 e
ne

rg
y 

fo
r 

w
ea

po
ns

 p
ur

po
se

s.



E
ve

n 
us

in
g 

er
ro

ne
ou

s S
Q

 v
al

ue
s, 

cu
rr

en
t 

IA
E

A
 sa

fe
gu

ar
ds

 a
re

 in
ca

pa
bl

e 
of

 p
ro

vi
di

ng
 

tim
el

y 
w

ar
ni

ng
 o

f t
he

ft
 o

r 
di

ve
rs

io
n 

of
 a

n 
SQ

 
of

Pu
an

d 
H

E
U

 fr
om

 b
ul

k 
ha

nd
lin

g 
fa

ci
lit

ie
s 

an
d 

ot
he

r 
si

te
s t

ha
t s

to
re

 o
r 

pr
oc

es
s w

ea
po

n-
us

ab
le

 fi
ss

ile
 m

at
er

ia
l i

n 
no

n-
w

ea
po

n 
st

at
es

. 



Pl
ut

on
iu

m
-f

ue
le

d 
fa

st
-r

ea
ct

or
s, 

w
hi

ch
 r

el
y 

 a
 

cl
os

ed
 fu

el
 c

yc
le

, h
av

e 
la

rg
e 

in
-r

ea
ct

or
 

in
ve

nt
or

ie
s a

nd
 la

rg
e 

as
so

ci
at

ed
 fu

el
 c

yc
le

 
in

ve
nt

or
ie

s o
f P

u.
 

Fa
st

 r
ea

ct
or

s p
ro

vi
de

 a
 te

ch
ni

ca
l p

ot
en

tia
l t

o 
pr

od
uc

e 
la

rg
e 

qu
an

tit
ie

s o
f w

ea
po

n-
gr

ad
e 

Pu
.

A
dv

an
ce

d 
en

ri
ch

m
en

t t
ec

hn
ol

og
ie

s u
nd

er
 

de
ve

lo
pm

en
t i

n 
se

ve
ra

l c
ou

nt
ri

es
 w

ill
 p

er
m

it 
ra

pi
d 

en
ri

ch
m

en
t o

f r
ea

ct
or

-g
ra

de
 P

u 
to

 
w

ea
po

n-
gr

ad
e.



C
on

tin
ue

d 
pu

rs
ui

t o
f f

as
t r

ea
ct

or
 a

nd
 in

er
tia

l 
co

nf
in

em
en

t f
us

io
n 

(I
C

F)
 in

 le
ad

in
g 

in
du

st
ri

al
 

co
un

tr
ie

s w
or

ld
w

id
e,

 a
nd

 th
e 

av
ai

la
bi

lit
y 

of
 

in
cr

ea
si

ng
ly

 c
ap

ab
le

 c
om

pu
te

rs
 a

nd
 si

m
ul

at
io

n 
co

de
s, 

w
ill

 li
ke

ly
 r

es
ul

t i
n 

th
e 

fu
tu

re
 r

ep
lic

at
io

n 
of

  n
uc

le
ar

 sc
ie

nt
ifi

c 
ca

dr
es

 in
 m

an
y 

na
tio

ns
 w

ith
 

re
le

va
nt

 sk
ill

s f
or

 th
e 

de
si

gn
 o

f n
uc

le
ar

 a
nd

 
th

er
m

on
uc

le
ar

 e
xp

lo
si

ve
s, 

no
t a

ll 
of

 w
hi

ch
 w

ou
ld

 
be

 c
la

ss
ifi

ed
 to

da
y 

as
 “

cr
ud

e”
de

vi
ce

s.



T
hr

ea
t C

at
eg

or
ie

s:

St
at

e 
T

hr
ea

t

N
on

-S
ta

te
 T

hr
ea

t

St
at

e—
N

on
-S

ta
te

 C
ol

lu
si

on



St
at

e 
T

hr
ea

t D
iv

er
si

on
 P

at
hs

:

Sa
fe

gu
ar

de
d 

Fa
ci

lit
ie

s
D

iv
er

si
on

C
on

ve
rs

io
n

U
ns

af
eg

ua
rd

ed
Fa

ci
lit

ie
s

O
ve

rt
C

ov
er

t



N
on

-S
ta

te
 D

iv
er

si
on

 P
at

hs
:

In
te

rn
al

 D
iv

er
si

on

E
xt

er
na

l A
ss

au
lt

W
ith

 In
si

de
r 

A
ss

is
ta

nc
e

W
ith

ou
t I

ns
id

er
 A

ss
is

ta
nc

e



T
he

 R
ea

lit
y 

of
 U

ra
ni

um
 E

co
no

m
ic

s

O
ve

r 
tim

e—
as

 h
ig

he
r-

gr
ad

e 
or

e 
re

so
ur

ce
s a

re
 d

ep
le

te
d 

—
th

e 
re

al
 c

os
t o

f 
ur

an
iu

m
 e

xt
ra

ct
io

n 
go

es
 d

ow
n,

 n
ot

 u
p.

 



Q
ue

st
io

n:

W
ha

t i
m

pr
ov

em
en

ts
 a

re
 n

ee
de

d 
in

 in
sp

ec
tio

n 
an

d 
su

rv
ei

lla
nc

e 
m

ea
su

re
s f

or
 n

uc
le

ar
 p

ow
er

 fa
ci

lit
ie

s 
to

 v
er

ify
 c

om
pl

ia
nc

e 
w

ith
 th

e 
N

PT
 a

nd
 to

 c
op

e 
w

ith
 su

bn
at

io
na

l g
ro

up
s a

nd
 r

og
ue

 n
at

io
ns

?



Im
pr

ov
em

en
ts

 R
eq

ui
re

d 
to

 P
ro

te
ct

 A
ga

in
st

 th
e 

St
at

e 
T

hr
ea

t

•
H

E
U

 F
ac

ili
tie

s

o
R

es
ea

rc
h 

R
ea

ct
or

s a
nd

 C
ri

tic
al

 F
ac

ili
tie

s
* 

C
la

nd
es

tin
e 

co
ns

tru
ct

io
n 

sh
ou

ld
 b

e 
vi

ew
ed

 a
s e

vi
de

nc
e

of
 a

 n
uc

le
ar

 w
ea

po
n 

pr
og

ra
m

* 
G

lo
ba

l b
an

 o
n 

us
e 

of
 H

EU
 in

 c
iv

il 
re

se
ar

ch
 re

ac
to

rs
 a

nd
cr

iti
ca

l f
ac

ili
tie

s.

o
E

nr
ic

hm
en

t p
la

nt
s

*
C

la
nd

es
tin

e 
co

ns
tru

ct
io

n 
sh

ou
ld

 b
e 

vi
ew

ed
 a

s e
vi

de
nc

e
of

 a
 n

uc
le

ar
 w

ea
po

n 
pr

og
ra

m
*

H
EU

 p
ro

du
ct

io
n 

fo
r c

iv
il 

us
e 

an
d 

m
ili

ta
ry

 re
ac

to
rs

 p
ro

hi
bi

te
d

*
Fu

ll-
sc

op
e 

an
d 

93
+2

 IA
EA

 sa
fe

gu
ar

ds
 re

qu
ire

d

o
St

or
ag

e 
Fa

ci
lit

ie
s

*
U

nd
er

 IA
EA

 sa
fe

gu
ar

ds
*

St
or

ag
e 

of
 H

EU
 a

m
ou

nt
s g

re
at

er
 th

an
 a

n 
SQ

 a
re

 n
ot

 p
er

m
itt

ed
in

 n
on

-w
ea

po
n 

st
at

es



Im
pr

ov
em

en
ts

 R
eq

ui
re

d 
to

 P
ro

te
ct

 A
ga

in
st

 th
e 

St
at

e 
T

hr
ea

t

•
Pl

ut
on

iu
m

 F
ac

ili
tie

s

o
Pr

od
uc

tio
n 

in
 R

ea
ct

or
s

*
Fu

ll-
sc

op
e 

an
d 

93
+2

 IA
EA

 sa
fe

gu
ar

ds
 re

qu
ire

d

o
R

ep
ro

ce
ss

in
g 

Pl
an

ts
 

*
Sh

ou
ld

 n
ot

 b
e 

pe
rm

itt
ed

o
St

or
ag

e 
Fa

ci
lit

ie
s

*
U

nd
er

 IA
EA

 sa
fe

gu
ar

ds
*

St
or

ag
e 

of
 H

EU
 a

m
ou

nt
s g

re
at

er
 th

an
 a

n 
SQ

 a
re

 n
ot

 p
er

m
itt

ed
in

 n
on

-w
ea

po
n 

st
at

es



Im
pr

ov
em

en
ts

 R
eq

ui
re

d 
to

 P
ro

te
ct

 A
ga

in
st

 th
e 

N
on

-S
ta

te
 T

hr
ea

t

•
E

xt
er

na
l A

ss
au

lt
D

ire
ct

-u
se

 m
at

er
ia

ls
 sh

ou
ld

 b
e 

gi
ve

n 
th

e 
sa

m
e 

le
ve

l o
f p

ro
te

ct
io

n
(th

e 
sa

m
e 

de
si

gn
 b

as
is

 th
re

at
) a

s n
uc

le
ar

 w
ea

po
ns

•
In

te
rn

al
 D

iv
er

si
on

Fo
r d

ire
ct

-u
se

 m
at

er
ia

ls
 a

ss
um

e 
th

e 
in

si
de

r i
nc

lu
de

s a
 c

ol
lu

si
on

of
 e

le
m

en
ts

 o
f m

an
ag

em
en

t a
nd

 g
ua

rd
 fo

rc
e


	Technical Realities ConfrontingPeaceful Uses of Atomic Energy
	The amount of weapon-grade Pu required to make a pure fission nuclear explosive with a yield of 1 to 20 kt, is quite small?1 t
	While reactor-grade Pu is less desirable than weapon-grade Pu for military applications, the isotopic composition of the pluto
	Typical stocks of LEU fuel for power reactors provide more than one-half of the separative work otherwise required to produce
	Significant Quantity (SQ) is the quantity the IAEA uses to represent the minimum amount of material required by a non-weapon s
	The SQ values should be reduced roughly eightfold, particularly if the international community is to place primary reliance in
	Even using erroneous SQ values, current IAEA safeguards are incapable of providing timely warning of theft or diversion of an
	Plutonium-fueled fast-reactors, which rely  a closed fuel cycle, have large in-reactor inventories and large associated fuel c
	Continued pursuit of fast reactor and inertial confinement fusion (ICF) in leading industrial countries worldwide, and the ava
	Threat Categories:State ThreatNon-State ThreatState—Non-State Collusion
	State Threat Diversion Paths:Safeguarded FacilitiesDiversionConversionUnsafeguarded FacilitiesOvert
	Non-State Diversion Paths:Internal DiversionExternal AssaultWith Insider AssistanceWithout Insider Assistan
	The Reality of Uranium Economics
	Question:What improvements are needed in inspection and surveillance measures for nuclear power facilities to verify complia
	Improvements Required to Protect Against the State Threat ·       HEU Facilities    o    Research Reactors and Critical
	Improvements Required to Protect Against the State Threat  ·       Plutonium Facilities    o     Production in Reactors
	Improvements Required to Protect Against the Non-State Threat     ·   External AssaultDirect-use materials should be given

